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ASTROPHYSICAL 
CONTEXT

– Physical conditions in the inner regions of YSOs
– Need for very high angular resolution
– Principle and observables of IR interferometry
– YSO science results
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Physical conditions in the close 
environment of young stellar objects

• Physical phenomena
– Keplerian accretion disk: gas + dust

– Stars from K to B spectral types (4000K to 
10000K)

– Strong outflowing wind

– Companions

– Magnetophere

– Protoplanets

• Physical conditions
– Radius ranging from 0.1 AU to 10 AU

– Temperature ranging from 150 K to 4000 K

– Velocity ranging from 10 km/s to few 100 km/s

➡ At 150 pc (Taurus), this corresponds to :
1µm ≤ λ ≤ 20µm and spatial scales between 0.5 et 70 mas

Dust

Accretion disk

Magnetosphere

Gas
Planets
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Basics of optical interferometry
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Basics of optical interferometry

Visibility 
ampltitude

V(u,v)

Visibility 
phase
Φ(u,v)
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Spatial coherence

Interferogram 1

Interferogram 2

Reduced contrast
Shifted phase

Zernicke-van Cittert theorem

Visibility = Fourier transform of the brightness spatial distribution 
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Visibilities

Uniform disk Binary with unresolved 
components

Binary with resolved 
component

For a resolved source, given a simple model (uniform disk, Gaussian, ring,...), 
there  is a univoque relationship between a visibility amplitude and a size. 
However this size is very dependent on the input model
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Image reconstruction
• Like in radio, enough data points permits to reconstruct an 

image whose FT fits the data
• However in optical we lose a part of the phase signal to 

the atmosphere
• Optical interferometry arrays have fewer telescopes (<4-6)

BUT starts to 
be possible: θ1 Ori C

bg=
NIR

interferometry

E. Tatulli

Principles
Recombination
Atmospheric
turbulence
The observables

Interferometry
& YSOs
Context
NIR continuum
emission
Emission lines

Imaging
State of the art
Next steps
Perspectives

Short historic of the results
Aperture synthesis imaging of the θ1 Orionis C system with IOTA
[Kraus et al. 2007]

Kraus et al. (2007, A&A 466, 649)
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YSOs observed  in the last decade (1998-2008)

VLTI
17%

KI
38%

IOTA
20%

CHARA
2%

PTI
22%

ISI
1%

Interferometers

→ 79 young stellar objects observed  and published to date,

→ 40 refereed articles

HMS
1%

HAeBe
58% FUOr

6%

TTS
34%

Type

Medium resolution
7%

Low Resolution
27%

Broad band
66%

Spectral resolution

N
15%

K
63%

H
21%

Spectral band

Closure Phases
20%

Visbility squared
80%

Observable
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INNER DISK PHYSICS

– Sizes of circumstellar structures
– Constraints on disk structure
– Gas/dust connection
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FU Orionis

Malbet et al. (2005, A&A, 437, 627)
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Image reconstruction of FU Ori data

Klahr & Kley (2005)

- Image reconstruction performed without any a priori
- The image reconstruction process finds the wiggle in the 
data
- First run, work is still in progress

Origin of the unresolved source: low-mass 
companion (at the origin of the outburst, forming 
planet, wave in the disk,...)? 

Renard, Malbet & Thiébaut (in progress)
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Image reconstruction of FU Ori data
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Inner regions of the disks
• In 2002, Monnier & Millan-Gabet measured the sizes of several 

HAeBe stars on IOTA.
• They found that the sizes correlate with the stellar luminosity as r -2 
• It could be explained as the consequences of dust sublimation at 

the inner edge of the disks

• This work was continued by several authors on different targets with 
PTI and KI.

• However several times, it did not match, in particular in the case of 
the less massive systems (T Tauri stars)

e.g. Dullemond et al. (2001, ApJ 560, 957)
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Millan-Gabet et al. (2001, ApJ 546, 358)
Monnier & Millan-Gabet (2002, ApJ 579, 694 )

Eisner et al. (2003, ApJ 588, 360)
Wilkin & Akeson (2003, Ap&SS 286, 145)

Eisner et al. (2004, ApJ 613, 1049)
Akeson et al. (2004, ApJ 622, 440)
Eisner et al. (2005, ApJ 623, 952)

Monnier et al. (2005, ApJ 624, 832)
Akeson et al. (2005, ApJ 635, 1173)
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Herbigs Ae         Be
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Geometry of the inner rim
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Geometry of the inner rim

• Closure phase observable can probe brightness asymmetries 
along the ring Monnier et al. (2006, ApJ 646, 444)

bg=
NIR

interferometry

E. Tatulli

Principles
Recombination
Atmospheric
turbulence
The observables

Interferometry
& YSOs
Context
NIR continuum
emission
Emission lines

Imaging
State of the art
Next steps
Perspectives

The structure of the inner rim
How sharp is the inner rim?

Depends on dust grains size and distribution

If inclined disk: asymmetries (skewness) depending on dust
characteristics

Closure phase is a powerful observable to probe such asymmetries

[Monnier et al. 2006]
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First image reconstruction for HD 45677
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Work in progress...
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First image reconstruction for HD 45677
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Effect of extended scattered light

• Ring radius fitting can lead to 
overestimated sizes

• Careful modeling must be performed 
including all sources of radiation

Pinte et al. (2007, ApJ 673, L63)
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Detecting the hot molecular gas in 51 Oph

NIR excess continuum 
(0.25 AU size)

Visibility amplitudes

Tatulli, et al. (2007, A&A in press)- IR excess: optically thin circumstellar dust disk?
- CO overtone lines @ 2.3µm: gas in keplerian  
rotation in the first UA [Thi et al. 2005] 
- High rotational velocity (v.sin i = 270km/s)
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Detecting the hot molecular gas in 51 Oph

NIR excess continuum 
(0.25 AU size)

CO emission
(0.15 AU size)

Visibility amplitudes

Tatulli, et al. (2007, A&A in press)- IR excess: optically thin circumstellar dust disk?
- CO overtone lines @ 2.3µm: gas in keplerian  
rotation in the first UA [Thi et al. 2005] 
- High rotational velocity (v.sin i = 270km/s)
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Detecting the hot molecular gas in 51 Oph

This is not the first time that there is clue for gas in the inner hole of the 
disk (cf. Akeson, Tannirkulam,...)  but this is the first time dust and gas 
are spectrally and spatially separated.

NIR excess continuum 
(0.25 AU size)

CO emission
(0.15 AU size)

Visibility amplitudes

Tatulli, et al. (2007, A&A in press)- IR excess: optically thin circumstellar dust disk?
- CO overtone lines @ 2.3µm: gas in keplerian  
rotation in the first UA [Thi et al. 2005] 
- High rotational velocity (v.sin i = 270km/s)
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ORIGIN of HYDROGEN
EMISSION LINES?

– Outflowing winds ?
– Magnetospheres ?
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Disk/star interaction ?
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Disk and wind spatially are spectrally resolved in 
MWC 297

Brγ

Continuum
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Disk and wind spatially are spectrally resolved in 
MWC 297

hidden

hidden

Star

Malbet et al. (2007, A&A 464, 43)

Brγ

Continuum
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Disk and wind spatially are spectrally resolved in 
MWC 297

Disk

hidden

hidden

Disk

Star

Malbet et al. (2007, A&A 464, 43)Disk Disk

Brγ

Continuum
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Disk and wind spatially are spectrally resolved in 
MWC 297

Outflowing wind

Disk

hidden

hidden

Disk

Star

Outflowing wind

Malbet et al. (2007, A&A 464, 43)

Wind

Disk Disk

Brγ

Continuum
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Disk and wind spatially are spectrally resolved in 
MWC 297

Outflowing wind

Disk

hidden

hidden

Disk

Star

Outflowing wind

Malbet et al. (2007, A&A 464, 43)

Wind

Disk Disk

Brγ

Continuum
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bg=
Origin of the Brγ emission in Herbig Ae/Be

... to a systematic study [Kraus et al. 2008, A&A, accepted]

γ

γ

γ

γ

γ

Kraus et al. (2008, A&A in press)

A systematic study of the origin of the Brϒ 
emission in Herbig Ae/Be stars



JPL Center for Exoplanet Science Colloquium Series (18-Sep-08) - Inner regions of YSOs revealed by interferometry - F. Malbet  

Kraus et al.: Origin of hydrogen line emission in Herbig Ae/Be stars 15

42◦11721, Hen 3-1300) is classified as a B0[e]p-type star, al-
though there is some dispute both about the stellar parame-

ters and the evolutionary stage of this object (see discussion

in Borges Fernandes et al. 2007). In the vicinity of V921 Sco, a

cluster of YSO candidate sources were detected (Habart et al.

2003; Wang & Looney 2007), and the star is also associated

with an extended nebulosity, which was observed at optical

(van den Bergh & Herbst 1975; Hutsemekers & van Drom

1990), near-infrared (Wang & Looney 2007), mid-infrared

(Natta et al. 1993), as well as sub-mm wavelengths (Henning

et al. 1998). Comparing the spectral slope of the ISO spectrum

with that of the Spitzer/IRS spectrum taken with smaller aper-
ture (see Fig. 7b) suggests that the SED at λ ! 15 µm is dom-
inated by emission from this envelope. The SED model fits by

Borges Fernandes et al. (2007) suggest that the system is seen

under low to intermediate inclination (i " 70◦).
The line profiles of the strong hydrogen recombination

lines were modeled as emission from a spherically symmet-

ric gas envelope (Benedettini et al. 1998). Acke et al. (2005)

interpreted the profile of the optical [O ] line in the context

of a wind originating from the surface layer of a passive disk.

PAH emission features were reported by Van Kerckhoven et al.

(2000) and Peeters et al. (2004) and are likely to arise from the

surface of the disk.

Using the AMBER visibilities measured at continuum

wavelengths, we compare the ring diameter measured towards

various PAs (covering a position angle range of ∼ 68◦) and
find no indications for an elongation of the continuum-emitting

region, suggesting that the system is seen under low incli-

nation. This is consistent with the measured small Brγ line
closure phase (see Tab. 4), indicating that the brightness dis-

tribution of the combined line- and continuum-emitting re-

gion is nearly centro-symmetric, as in the case when the line-

emitting region is seen nearly face-on. Furthermore, V921 Sco

exhibits a continuum-emitting region which is more compact

than expected for an irradiated dust disk, which might suggest

that the NIR continuum emission is dominated by emission

from an optically thick gaseous inner accretion disk (similar

to MWC297).

Within the Brγ line, we measure a slight increase in
visibility (see Fig. 7). Furthermore, the continuum-corrected

line-visibilities VBrγ (ranging between 0.7 and 0.5) show that

the Brγ-emitting region is also spatially resolved and only
slightly more compact than the continuum-emitting region

(RBrγ/Rcont ≈ 0.7). Therefore, the Brγ region is too extended
to be consistent with magnetospheric accretion or an X-wind

as dominant Brγ-emitting mechanism, which makes a strong
stellar wind, a disk wind or a gaseous inner disk the most likely

scenario.

7. Discussion of general trends

Since our sample covers a wide range of stellar parameters,

we investigated whether the measured size of the continuum

and Brγ-emitting region correlates with the stellar parameters
or the spectroscopic properties. Revealing such relationships

could provide more insight into the involved physical mech-

anisms and is also essential to confirm the empirically found
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Fig. 8. Top: The fitted ring radii for the continuum (Rcont, black points)

and Brγ line (RBrγ, red points) plotted as a function of stellar luminos-
ity. For the Brγ line, we show the ring radius, determined by fitting
only the spectral channel with the line center. For comparison, we plot

the spatial extension of the stellar surface (grey area), the co-rotation

radius (grey shaded), and the dust sublimation radius corresponding to

dust sublimation temperatures of 2000, 1500, and 1000 K (computed

using Eq. 2 and assuming ε = 1). Bottom: Providing a natural mea-
sure for the temperature distribution within the circumstellar disk, we

normalized RBrγ by the size of the continuum-emitting region Rcont. In

particular, this normalization seems important considering the large

range of stellar luminosities covered by our sample.

correlations between the Brγ luminosity and other estimators
for the mass accretion rate (Calvet et al. 2004). In order to fur-

ther expand our sample, we include in this section not only the

five objects which we have investigated with AMBER, but also

the MWC480 Keck-Interferometer measurement published by

Eisner et al. (2007). For MWC480, we assume L = 17 L#,
d = 140 pc, Teff = 8700 K, a P-Cygni Hα-line profile (Acke
et al. 2005), and a Brγ line luminosity L(Brγ)/L# = −2.8 (as
determined by L. Testi and A. Natta from unpublished TNG

spectra; private communication).

7.1. Continuum emission

Earlier interferometric investigations of the continuum-

emitting region of HAeBe stars have established a relation be-

tween the size of the continuum-emitting region and the stel-

lar luminosity, suggesting that the continuum emission mainly

traces hot dust located at the dust sublimation radius. In order

to check for similar trends, we plot the determined K-band con-

Kraus et al. (2008, A&A in press)
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exhibits a continuum-emitting region which is more compact

than expected for an irradiated dust disk, which might suggest

that the NIR continuum emission is dominated by emission
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Within the Brγ line, we measure a slight increase in
visibility (see Fig. 7). Furthermore, the continuum-corrected

line-visibilities VBrγ (ranging between 0.7 and 0.5) show that

the Brγ-emitting region is also spatially resolved and only
slightly more compact than the continuum-emitting region

(RBrγ/Rcont ≈ 0.7). Therefore, the Brγ region is too extended
to be consistent with magnetospheric accretion or an X-wind

as dominant Brγ-emitting mechanism, which makes a strong
stellar wind, a disk wind or a gaseous inner disk the most likely

scenario.

7. Discussion of general trends

Since our sample covers a wide range of stellar parameters,

we investigated whether the measured size of the continuum

and Brγ-emitting region correlates with the stellar parameters
or the spectroscopic properties. Revealing such relationships

could provide more insight into the involved physical mech-
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Fig. 8. Top: The fitted ring radii for the continuum (Rcont, black points)

and Brγ line (RBrγ, red points) plotted as a function of stellar luminos-
ity. For the Brγ line, we show the ring radius, determined by fitting
only the spectral channel with the line center. For comparison, we plot

the spatial extension of the stellar surface (grey area), the co-rotation

radius (grey shaded), and the dust sublimation radius corresponding to

dust sublimation temperatures of 2000, 1500, and 1000 K (computed

using Eq. 2 and assuming ε = 1). Bottom: Providing a natural mea-
sure for the temperature distribution within the circumstellar disk, we

normalized RBrγ by the size of the continuum-emitting region Rcont. In

particular, this normalization seems important considering the large

range of stellar luminosities covered by our sample.

correlations between the Brγ luminosity and other estimators
for the mass accretion rate (Calvet et al. 2004). In order to fur-

ther expand our sample, we include in this section not only the

five objects which we have investigated with AMBER, but also

the MWC480 Keck-Interferometer measurement published by

Eisner et al. (2007). For MWC480, we assume L = 17 L#,
d = 140 pc, Teff = 8700 K, a P-Cygni Hα-line profile (Acke
et al. 2005), and a Brγ line luminosity L(Brγ)/L# = −2.8 (as
determined by L. Testi and A. Natta from unpublished TNG

spectra; private communication).

7.1. Continuum emission

Earlier interferometric investigations of the continuum-

emitting region of HAeBe stars have established a relation be-

tween the size of the continuum-emitting region and the stel-

lar luminosity, suggesting that the continuum emission mainly

traces hot dust located at the dust sublimation radius. In order

to check for similar trends, we plot the determined K-band con-

Kraus et al. (2008, A&A in press)

• magnetospheric accretion
• disk wind
• X-wind or disk wind ?
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Kraus et al.: Origin of hydrogen line emission in Herbig Ae/Be stars 15

42◦11721, Hen 3-1300) is classified as a B0[e]p-type star, al-
though there is some dispute both about the stellar parame-

ters and the evolutionary stage of this object (see discussion

in Borges Fernandes et al. 2007). In the vicinity of V921 Sco, a

cluster of YSO candidate sources were detected (Habart et al.

2003; Wang & Looney 2007), and the star is also associated

with an extended nebulosity, which was observed at optical

(van den Bergh & Herbst 1975; Hutsemekers & van Drom

1990), near-infrared (Wang & Looney 2007), mid-infrared

(Natta et al. 1993), as well as sub-mm wavelengths (Henning

et al. 1998). Comparing the spectral slope of the ISO spectrum

with that of the Spitzer/IRS spectrum taken with smaller aper-
ture (see Fig. 7b) suggests that the SED at λ ! 15 µm is dom-
inated by emission from this envelope. The SED model fits by

Borges Fernandes et al. (2007) suggest that the system is seen

under low to intermediate inclination (i " 70◦).
The line profiles of the strong hydrogen recombination

lines were modeled as emission from a spherically symmet-

ric gas envelope (Benedettini et al. 1998). Acke et al. (2005)

interpreted the profile of the optical [O ] line in the context

of a wind originating from the surface layer of a passive disk.

PAH emission features were reported by Van Kerckhoven et al.

(2000) and Peeters et al. (2004) and are likely to arise from the

surface of the disk.

Using the AMBER visibilities measured at continuum

wavelengths, we compare the ring diameter measured towards

various PAs (covering a position angle range of ∼ 68◦) and
find no indications for an elongation of the continuum-emitting

region, suggesting that the system is seen under low incli-

nation. This is consistent with the measured small Brγ line
closure phase (see Tab. 4), indicating that the brightness dis-

tribution of the combined line- and continuum-emitting re-

gion is nearly centro-symmetric, as in the case when the line-

emitting region is seen nearly face-on. Furthermore, V921 Sco

exhibits a continuum-emitting region which is more compact

than expected for an irradiated dust disk, which might suggest

that the NIR continuum emission is dominated by emission

from an optically thick gaseous inner accretion disk (similar

to MWC297).

Within the Brγ line, we measure a slight increase in
visibility (see Fig. 7). Furthermore, the continuum-corrected

line-visibilities VBrγ (ranging between 0.7 and 0.5) show that

the Brγ-emitting region is also spatially resolved and only
slightly more compact than the continuum-emitting region

(RBrγ/Rcont ≈ 0.7). Therefore, the Brγ region is too extended
to be consistent with magnetospheric accretion or an X-wind

as dominant Brγ-emitting mechanism, which makes a strong
stellar wind, a disk wind or a gaseous inner disk the most likely

scenario.

7. Discussion of general trends

Since our sample covers a wide range of stellar parameters,

we investigated whether the measured size of the continuum

and Brγ-emitting region correlates with the stellar parameters
or the spectroscopic properties. Revealing such relationships

could provide more insight into the involved physical mech-

anisms and is also essential to confirm the empirically found
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Fig. 8. Top: The fitted ring radii for the continuum (Rcont, black points)

and Brγ line (RBrγ, red points) plotted as a function of stellar luminos-
ity. For the Brγ line, we show the ring radius, determined by fitting
only the spectral channel with the line center. For comparison, we plot

the spatial extension of the stellar surface (grey area), the co-rotation

radius (grey shaded), and the dust sublimation radius corresponding to

dust sublimation temperatures of 2000, 1500, and 1000 K (computed

using Eq. 2 and assuming ε = 1). Bottom: Providing a natural mea-
sure for the temperature distribution within the circumstellar disk, we

normalized RBrγ by the size of the continuum-emitting region Rcont. In

particular, this normalization seems important considering the large

range of stellar luminosities covered by our sample.

correlations between the Brγ luminosity and other estimators
for the mass accretion rate (Calvet et al. 2004). In order to fur-

ther expand our sample, we include in this section not only the

five objects which we have investigated with AMBER, but also

the MWC480 Keck-Interferometer measurement published by

Eisner et al. (2007). For MWC480, we assume L = 17 L#,
d = 140 pc, Teff = 8700 K, a P-Cygni Hα-line profile (Acke
et al. 2005), and a Brγ line luminosity L(Brγ)/L# = −2.8 (as
determined by L. Testi and A. Natta from unpublished TNG

spectra; private communication).

7.1. Continuum emission

Earlier interferometric investigations of the continuum-

emitting region of HAeBe stars have established a relation be-

tween the size of the continuum-emitting region and the stel-

lar luminosity, suggesting that the continuum emission mainly

traces hot dust located at the dust sublimation radius. In order

to check for similar trends, we plot the determined K-band con-

Kraus et al. (2008, A&A in press)

• magnetospheric accretion
• disk wind
• X-wind or disk wind ?

➡ No correlation with L∗ as 
suggested by Eisner et al. 2007

➡ We are probing mostly outflows 
phenomena

➡ Evidence that Brγ is an indirect 
accretion tracer through accretion-
driven mass loss?
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OBSERVATION of 
EXOPLANETS in 

DISKS

– Multiple systems in YSOs: GW Ori
– Detecting Hot Jupiters with the VLTI
– Detecting planetary gaps in disks
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GW Ori: a young SB with 
an unseen companion

Image reconstruction and triple systemLM fit

Berger et al. (in prep.)
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GW Ori: a young SB with 
an unseen companion
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Image reconstruction and triple systemLM fit

Berger et al. (in prep.)
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GW Ori: a young SB with 
an unseen companion

1
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3

Image reconstruction and triple systemLM fit

Berger et al. (in prep.)

 0  1000  2000  3000

 15

 20

 25

 30

 35

 0  50  100  150  200

 15

 20

 25

 30

 35

4.5 5.0
10+4

 10

 20

 30

MJD

RV
 (k

m
/s

)

Radial velocities from Latham



JPL Center for Exoplanet Science Colloquium Series (18-Sep-08) - Inner regions of YSOs revealed by interferometry - F. Malbet  

Detecting hot Jupiters with the VLTI

• Goal: to investigate the 
potentiality of the VLTI 
with 4 telescopes (VSI)

• to understand the limits 
of the phase closure 
technique

• to be able to propose an 
actual experiment with 
present instrument 
(AMBER)

• 6 favorable cases
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Closure phases

Synthetic spectra 
from Barman et 

al. (2001)

Renard, Absil, Berger et al. (SPIE 2008)
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wavelengthwavelength wavelengthwavelength

wavelength wavelength

τ Boo b

HD 73256 b

H-band

H-band

K-band

K-band

... can potentially lead to reconstructed planet spectra

Renard, Absil, Berger et al. (SPIE 2008)
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Direct detection of planets: status?

• Run allocated for Jan 2009 to observe with AMBER the star HD 
75289 
team: O. Absil, M. Swain, T. Forveille

• The planet detection program is part of the VSI science cases 

• Exoplanets around YSOs: to determine the nature of companions 
around FU Ori and AB Aur

• New technique: Phase closure nulling (to be presented soon)

NB: GW Ori astrometry + RV -> similar to the SIM products
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Detecting planet signatures in disks
• Planets do create gaps in 

protoplanetary disks
• Is an imaging space mission 

(DARWIN, PEGASE) able to 
detect gaps at AU scale?

• What is the best way to detect 
the signatures of gaps?

• Simple analytical model
• Use spectro-interferometry

➥ gaps yields to visibility 
oscillations with λ with
- frequency related to Rg
- amplitude to ΔRg

2 E. Herwats et al.: Detection of gap signatures in protoplanetary dis cs by spectro-interferometry.

Fig. 1. Left-hand side : Schematic representation of a disc own-
ing ∆Rg wide gap located at Rg. Right-hand side : temperature
profile of a standard accretion disc around a TTauri( to verify)
type star with a gap at Rg.

from the energy dissipation due to the disk viscosity.

To simulate gaps in the discs, we have modified the
temperature profile of a standard accretion disc (Malbet
1995) at the location where most of the matter of the disk
has been accreted onto the planet. The gap is then very
simply modeled by a ring (located at Rg) at the interstel-
lar medium temperature (10K) (see fig. 1). The sampling
is polar, linear in angle from the star and logarithmic in
radius what decomposes the disc in a set of rings on which
the flux is constant. The flux of each ring is given by black-
body emission at the temperature T (r).

3. Interferometric detections

To evaluate the system visibility, we computed the visibil-
ities of each ring as a zero order Bessel function and added
the contribution of each of them weighted by their fluxes.
The visibility curves exhibit distinctly a deviation against
a disc without gap modelling (see fig. 2) in the case of gaps
located at less than 2 astronomical units. The detection
requirement is given by the expected accuracy for the fu-
ture space interferometers : Vd−Vg

Vd
≤ 1% where Vd and Vg

are respectively the visibility of a disc without and with
gap.

Fig. 2. Visibility curves produced by modelling of gaps located
at 0.5, 1 and 2 a.u. in a classical TTauri star at 250 and 500
m baselines where ∆Rg is set to 0.2Rg. The discretisation in
spatial frequencies is given by the spectral resolution (B/λ).

3.1. Gap signature interpretation

To understand the behavior of the visibility curves, we
developed an analytical modelling of the gap where the
latter is modelled by the difference of a disc and a ∆Rg

wide ring. The detection requirement can consequently be
written ∆V

V = Fr
Fd

(
Vr
Vd
− 1

)
supposing Fr

Fd
# 1 where r

corresponds to the ring. We show also that Fr and Fd

can be considered as constants on the gap width. The
detection requirement becomes

∆V

V
=

1
Fd

2πRg∆Rg

d2
Bλ(T (Rg))

︸ ︷︷ ︸

(
1
Vd

J0(2πw
Rg

d
)− 1

)

︸ ︷︷ ︸
(1)

where d, B J0 and w are respectively the distance to
the star, the blackbody function, the zero order Bessel
function (i.e. the ring visibility) and the spatial frequency
variable.

The first factor of the expression (1) and its represen-
tation, figure 4, allow to explain why the more the gap is
close to the star, the more it is detectable. That’s only due
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temperature profile of a standard accretion disc (Malbet
1995) at the location where most of the matter of the disk
has been accreted onto the planet. The gap is then very
simply modeled by a ring (located at Rg) at the interstel-
lar medium temperature (10K) (see fig. 1). The sampling
is polar, linear in angle from the star and logarithmic in
radius what decomposes the disc in a set of rings on which
the flux is constant. The flux of each ring is given by black-
body emission at the temperature T (r).

3. Interferometric detections

To evaluate the system visibility, we computed the visibil-
ities of each ring as a zero order Bessel function and added
the contribution of each of them weighted by their fluxes.
The visibility curves exhibit distinctly a deviation against
a disc without gap modelling (see fig. 2) in the case of gaps
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requirement is given by the expected accuracy for the fu-
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m baselines where ∆Rg is set to 0.2Rg. The discretisation in
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3.1. Gap signature interpretation

To understand the behavior of the visibility curves, we
developed an analytical modelling of the gap where the
latter is modelled by the difference of a disc and a ∆Rg

wide ring. The detection requirement can consequently be
written ∆V

V = Fr
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(
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− 1

)
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# 1 where r
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The first factor of the expression (1) and its represen-
tation, figure 4, allow to explain why the more the gap is
close to the star, the more it is detectable. That’s only due
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Validation with SPH 
simulation in 
progress....
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CONCLUSION

PTI IOTA KI VLTI CHARA

– Summary
– What still to expect from interferometry?
– My projects for the year
– Where to find me?



JPL Center for Exoplanet Science Colloquium Series (18-Sep-08) - Inner regions of YSOs revealed by interferometry - F. Malbet  

• Interferometry did  a major leap in stellar and planet 
formation in just a decade: 
–  79 objects observed so far, 
–  40 refereed papers 
–  new types of observations with spectral resolution, closure phases, 

imaging

• Observations are mature enough to allow detailed 
modeling.

• Beginning of image reconstruction: input for models

Conclusion
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What new to expect in the YSO field with VLTI ? 
➥ increased operability of AMBER: 

- in practice ∼ 15min for one calibrated observation (before ∼ 30min) 
- AMBER Task Force + optimized data reduction process (new release) 

➥ sensitivity: FINITO available with UTs 
- increased precision on closure phase (and absolute visibility) 
- towards fainter magnitude (T TAuri regime) and surveys 
- fainter IR emission lines (CO, Fe?...) 
- useful data in J band (Paβ emission) 
- very high spectral resolution (R=10000): kinematics/velocity maps

➥ Future VLTI instrumentation: imaging
- 2012: MATISSE: 4-way N-band imaging beam combiner for imaging
- 2012: GRAVITY: 4-way K-band dual-beam recombiner for imaging and very narrow-
angle astrometry
- 2015: VSI: 4- and 6-way NIR imaging beam combiner 

Both GRAVITY and VSI will use integrated optics (IO) chips as beam combiner
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My projects for the year

• Host: NExScI/Caltech and JPL/Center for Exoplanet Science

• Collaborate with NExScI scientists on YSOs (RMG, RA, CBe,...): 
FU Ori, HAeBes,...

• Discussion about interferometric imaging (hardware, fringe 
tracking, software,...)

• Exoplanets: direct detection of hot Jupiters (Swain), planets 
around young stars, involvement in SIM,...

• Relationship between NExScI and JMMC (software benchmark, 
tools,...)

• Other area of interests: coronagraphy
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Where to find me?

• Tentative weekly schedule:
– JPL: Mon, Thu 
– IPAC: Tues, Wed, Fri

• No office at JPL yet...

• Office@IPAC: #124 (MR building), Ext.: 1954, 
Email: <fabien.malbet@caltech.edu>

• Here until end of July 2009

mailto:fabien.malbet@caltech.edu
mailto:fabien.malbet@caltech.edu

